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A stu.dy of t h e  e f f ec t  of l ine-of-s ight  rate tolerance on a proposed- . 

b2~ku-p gu-idince tecl?_n_riqLie fo r  IJW-CSEji renEezv0u.s i s  p-.esented. var ia t ion  
of t h e  value of line-of -s5,glit rate as a tkirust-dLr cr-i terion sho-,.red l i t t l e  
e f f ec t  on the  A V  perforiTjance or  t h e  a b i l i t y  t o  perform t h e  rendezvous 
within t h e  boundaries invest igated,  Thru-st misalinemeat e r ro r s  were a l s o  
consi6.ered. The e f f ec t  of these e r ro r s  shoved an increase i n  AV. 
However, t h e  e f f ec t  of t he  e r rors  was very near ly  independ-ent of *,he 
l ine-of-s ight  rate value used f o r  t h e  tl?l.u.st-off c r i t e r ion .  

INTRODUCTiON 

The Theoretical  Mechanics Branch has been invest igat ing terminal 
rendezvous techniques t h a t  can be u t i l i z e d  to monitor rendezvous control led 
by the  L;F;ILI Primary Navigatiun and Guidance System (PNGS) and t o  control  
rendezvous i n  the\ event of a PGXS f a i lu re ,  The study has brought out a 
promising tecbniquk which u t i l i z e s  range, range-rate, and l ine-of-s ight  
(LOS) rate information. 
c r i t e r i o n ,  The LOS-rate information i s  used as a thrust-off  c r i t e r ion .  
The purpose of t h i s  report  i s  t o  present t h e  r e s u l t s  of an investiga,tion 
of %he e f fec t  of vx-ying the  value of LOS r a t e  used as a thrust-off  
c r i t e r ion .  

. 
The range and range-rate a r e  used as a thrust-on 

The proposed backup guidance technique fo r  t h e  LEX-CSivI rendezvous 
i s  i l l u s t r a t e d  i n  f igu re  1. 
spacecraf ts  i s  defined by t h e  LOS range and-the LOS angular r a t e .  Both of 
these quant i t ies  are i n e r t i a l  quai i t i t ies  w i t h  respect  t o  a selenocentr ic  
reference frame. The guidance technique cons is t s  of two d i s t i n c t  thrust 
modes. Thrust 1 i s  applied- along t h e  LOS range i n  t h e  plane of motioii. 
Thru-s t  2 i s  applied normal t o  the  LOS range a l s o  i n  t h e  plane of motion. 
The function of t h r u s t  1 i s  t o  reduce t h e  r e l a t i v e  range rate i n  order to 
dock t h e  spacecraf ts .  It accomplishes t h i s  by thrus t ing  a t  predetermined 
r e l a t i v e  ranges u n t i l  t h e  range ra te  i s  reduced t o  a predeterinined se lec ted  
value. The braking schedule f o r  tl?rrust. 1 i s  shotm i n  the  f irst  two colum;-is 
of f igu re  2. 
f o r  t h i s  study i s  LO n.m. 
by thrus t ing  d o n g  t h e  LOX; i . e . ,  t h e  IDfi i s  or iented such that t h e  t h r u s t  
vector i s  coincident wiih t h e  LOS range vzctor and i n  a d i rec t ion  t o  reduce 
t h e  range ra'ce. 

The plane of r e l a t i v e  motion betTween t h e  

The f irst  range or t h e  beg-ilming of t he  rendezvous problem 
A t  t h i s  range the  range ra te  i s  reduced t o  90 f p s  

The thus-t i s  t e rmha ted  vhen the range rate i s  59 fps .  



The t h r u s t  d i rec t ion  i s  f ixed  i n e r t i a l l y  u n t i l  thrust i s  terminated, 
When t h e  se lec ted  range rate i s  reached it i s  recorded. and- cont inual ly  
monitored. If' t h e  range r a i e  decreases by an amwnt equal t o  o r  greate-r 
than t h e  value i n  the A reage rate c o l m .  a t h r u s t  2 cor rec t iaa  i s  made. 
T'ne thrust i s  appl ied i n  t h e  mamer d-?scribed i n  f igu re  1 until t h e  LOS 
r a t e  i s  reduced t o  t h e  valu-e shown i n  t h e  LOS ra te  colu-ma. For this 
correct ion t h e  LEE i s  oriented. such th . a t  t h e  t h r u s t  vector i s  normal t o  
t h e  LOS and i n  a d i rec t ion  t o  reduce t h e  LOS rate. The t h z u s t  vector i s  
i n e r t i a l l y  cons ta r t  u n t i l .  t h r u s t  termina,tion, 
t h a t  a constant range r a t e  ind ica tes  an in t e rcep t  t r a j ec to ry  and. any 
s igni f icant  decrease i n  range r a t e  ind ica tes  a m i s s  t r a j ec to ry .  
correct ion i s  appl ied u n t i l  t h e  LOS rate i s  nul led  t o  a desired leve l ,  
t h e  t r a j e c t o r y  can be corrected to an in te rcept .  
nated range r a t e  i s  again recorded and monitored with the  same 
r a t e  value u n t i l  t h e  next range i n  t h e  range c o l m  i s  reached-. 
two t b u s t  modes are a s soc i i t ed  t o  t h e  extent t h a t  between each r e l a t i v e  
range f o r  mode 1 i n  t h e  range c o l m  the re  a r e  corresponding values f o r  
a d range  rate and LOS ra te  f o r  mode 2. Thus a t  5 n.m. range t h e  h r a n g e  
r a t e  i s  changed to t h e  associated value. This i s  stated- i n  t h e  c o l m  
marked eo-ments. 

The philosophy here i s  

If a 

When th rus t  2 i s  termi- 

Thus t h e  
&S range 

ti 

RESULTS AVD DISCUSSION 

The values s h a m  i n  f igure  2 were thcse used i n  the s t u d y  f o r  t he  

Bendez7iou.s vas initi.at:.ii. a t  
. L 7  bmusting c r i t e r i a .  
tkrust of 1nod.e I and 20# for a,l-l 0i;he-s. 
10 n.m. re lah ive  range and terminated a t  a range of 500 ft w i t h  a range 
r a t e  of 5 fps .  The r e s u l t s  are presented i n  f igu re  3. 

The thrust l e v e l s  use6 were 35OM f o r  the fii-st 

0 The f irst  t r a j e c t o r y  i s  a 180 transfer perturbed to r e s u l t  i n  a 
5-n.m. miss case. The LOX r a t e  value for t h r u s t  cut-off w a s  var ied from 
.5 to 1.5 mil l i rad ians  per second with no t h r u s t  Mas e r ro r .  After f irst  
increasing s l igh t ly ,  t h e  A V  consuined decreased as LOS r a t e  vas increased. 
When t h e  t h r u s t  was biased t h e  AV increased by a fixed. amouint u n t i l  t h e  
LOS ra te  was increased t o  1 . 5  r r i l l i rad ians  per second. The tkrust  vector I 

w a s  bias@ f o r  both mode 1 and mode 2 thrus t ing .  
i s  a 160 , 4.5-n.m. miss  case. I n  t h i s  case t h e  LOX r a t e  w a s  varied- from 

5 t o  1.0 millirad-ians per second. With no b i a s  e r ro r s  a s l i g h t  d-ecrease 
i n  AV re su l t ed  with an increase i n  LOX rate. With a b ias  e r ro r  of 7 
magnitude an increase i n  AV f o r  each LOS r a t e  resu l ted .  The same trends 
r e su l t ed  fo r  t h e  t h i r d  case which i s  a 160 , 6-n .m.  riziss t r a j ec to ry .  
Tra jec tor ies  with b i a s  errors of 27' were studied, but only t h e  r e s u l t s  of 
t h e  worse cases were presented s ince the  other  eases required l e s s  AV 
than the  zero bias cases.  This i s  not unexpected s ince t h e  orthogonal 
t l xus t ing  method i s  not optimum. 

The second t r a j e c t o r y  

0 

0 
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0 The four th  case studied. i s  EL 270 , 3.5-n.m. I;iTss t ra jec tory . ,  This 
trajectory- i s  representat ive of a. very l a rge  ve loc i ty  e r ro r  introihced- 
a t  a range of 25 n.n. before intercept .  It c m  be seen that i,fhile t h e  
b V  aecreased as the LOS r a t e  inc-ressed-, Yle rendezvous could not be 
performed with E LOS rate of 1 .0  r!-illira&Lam per second. With t h i s  LOX 
r a t e  a 3-n.1;~ rGss case rzsul ted.  

CONCLUSI 0x3 

The e f f e c t  of LOS r a t e  var ia t ion  for t h r u s t  terminatiolz i n  terminal 
rendezvous has been studied. The r e s u l t s  show that i n  most cases an LOS 
rate of 1.0 mi l l i rad ians  per seconds i s  tolera?i le .  
also t h a t  t h e  .&V decrea,ses as t h e  LOS rate i s  increased. However, as t h e  
rendezvous conditions become more severe t h i s  tolerance must be lovered 
i n  order t o  perform t h e  resdzzvous. 

It has been shown 
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